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A B S T R A C T   

Grandmothers are often critical helpers during a mother’s reproductive career. Studies on the developmental 
origins of health and disease demonstrate how maternal psychological distress can negatively influence fetal 
development and birth outcomes, highlighting an area in which soon-to-be grandmothers (henceforth “grand-
mothers”) can invest to improve both mother and offspring well-being. Here, we examine if and how a pregnant 
woman’s mental health– specifically, depression, state-anxiety, and pregnancy-related anxiety– is influenced by 
her relationship with her fetus’ maternal and paternal grandmother, controlling for relationship characteristics 
with her fetus’ father. In a cohort of pregnant Latina women in Southern California (N = 216), we assessed social 
support, geographic proximity, and communication between the fetus’ grandmothers and pregnant mother. We 
assessed maternal mental health with validated questionnaire-based instruments. We find that both social sup-
port from and communication with the maternal grandmother were statistically associated with less depression, 
while no paternal grandmother relationship characteristics were statistically significant in association with any 
mental health variable. These results align with the idea that maternal grandmothers are more adaptively 
incentivized to invest in their daughters’ well-being during pregnancy than paternal grandmothers are for their 
daughters-in-law. Results suggest that the positive association of maternal grandmothers with mothers’ mental 
health may not hinge on geographic proximity, but rather, potentially function through emotional support. This 
work represents a novel perspective describing a psychological and prenatal grandmaternal effect.   

1. Introduction 

Maternal psychology relates to offspring fitness in many ways, 
including infant morbidity and mortality. The advancing field of 
development origins of health and disease (DOHaD) proposes a 
connection between maternal psychological distress, fetal development, 
and adverse infant outcomes creating an intergenerational connection 
linking these phenotypes. Under a DOHaD framework, factors that 
positively affect prenatal mental health should increase both maternal 
and offspring fitness. Evolutionary theory suggests that allomothers (i. 
e., helpers who are not the offspring’s mother) positively influence the 
survival of the child. No work to date has investigated prenatal allo-
mother influence on maternal psychology. Thus, this represents a new 
approach for integrating DOHaD with evolutionary theory. 

Growing evidence suggests that maternal mental health has 

consequences for offspring phenotypes at birth and later in life. Preg-
nancy is a period of vulnerability for the onset of maternal affective 
disorders, particularly depression and anxiety (Fishell, 2010). Prenatal 
stress, anxiety, and depression have been tied to low birth weight and 
preterm birth (Dunkel Schetter & Tanner, 2012; Grigoriadis et al., 2013; 
Grigoriadis et al., 2018; Grote et al., 2010; March of Dimes, 2015), both 
known causes of infant morbidity and mortality (Callaghan, MacDor-
man, Rasmussen, Qin, & Lackritz, 2006; Eshete, Alemu, & Zerfu, 2019). 
Prenatal exposures have also been linked to outcomes beyond birth, 
including developmental deficits and life-long chronic disease risk 
(Glynn et al., 2018; Glynn & Sandman, 2011; Kinsella & Monk, 2009; 
Leis, Heron, Stuart, & Mendelson, 2014). In a large-scale study of 
thousands of parent-offspring dyads, both prenatal and postnatal 
depression were each independently associated with offspring depres-
sion risk at age 18 (Pearson et al., 2013). Depression and other mood 
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disorders have been tied to lower fertility of women, both in behaviors 
resulting in lower fertility rates and in reduced success of fertility 
treatment (Williams, Marsh, & Rasgon, 2007). Therefore, prenatal psy-
chology can affect maternal fitness through fecundity/fertility, offspring 
morbidity and mortality at birth, and offsprings’ lifelong health. 

The costs of reproduction are offset by a flexible roster of allomothers 
across human societies, including by a child’s father, aunts, grandpar-
ents, older siblings, as well as non-kin who have all been shown to 
benefit maternal reproductive success and child survival in some context 
(Crittenden & Marlowe, 2008; Kramer, 2005, 2010; Meehan, Helfrecht, 
& Quinlan, 2014). Despite this flexibility being key for human repro-
ductive success, researchers have noted that allomaternal help from 
grandmothers is especially consistent and high-quality (Chapman, Pet-
tay, Lahdenperä, & Lummaa, 2018; Emmott & Mace, 2015; Hrdy, 2005; 
Leonetti, Nath, Heman, & Niell, 2005; Scelza, 2009; Scelza & Hinde, 
2019; Sear, 2018; Sear & Mace, 2008). Many evolutionary anthropolo-
gists have focused on grandmothers because of their genetic closeness to 
their grandchildren (r = 0.25). Additionally, the obligate cessation of 
fertility of older women (compared to the facultative fertility of older 
men) reduces competition with daughters (in-law) (Cant & Johnstone, 
2008). The longstanding debate on the evolutionary origins of meno-
pause (Hawkes, O’Connell, Jones, Alvarez, & Charnov, 1998; Peccei, 
2005) is beyond our scope here. Grandmothers are valuable allomothers 
because they often have more reproductive experience and expertise 
than other kin categories, such as older siblings. After much focus on 
grandmothers being critical to the weaning period, evolutionary schol-
arship has expanded to show grandmothers as critical throughout a 
woman’s reproductive career including at birth (Rosenberg & Treva-
than, 2002) and during breastfeeding (Myers, Page, & Emmott, 2021; 
Scelza & Hinde, 2019). The prenatal period is just as vulnerable, yet 
underexplored, perhaps due to theoretical focus on the fetus rather than 
the mother. Pregnancy brings about unique challenges for the mother, 
such as psychological and physiological transitions, new social roles, 
and among market-integrated societies: new forms of discrimination, 
financial strains, and medical systems to navigate. The connections that 
DOHaD highlights between mother and offspring during pregnancy 
implies motivations for grandmaternal influence that are not obvious 
and should be explored. We refer to these motivations as ‘adaptive in-
terests’ and these influences on fitness outcomes, including decreasing 
mortality risk and increasing mate-quality at adulthood, as simply 
‘benefits to the developing offspring’. 

In this study, we explicitly measure the association of grandmaternal 
relationship characteristics with maternal prenatal mental health to 
gauge whether there exists an adaptive interest in maintaining maternal 
well-being during gestation for both allomothers. The literature suggests 
maternal grandmothers (MGMs) are associated with decreased grand-
child mortality more consistently than paternal grandmothers (PGM) 
(Coall & Hertwig, 2010; Sear & Mace, 2008; Strassmann & Garrard, 
2011). Based on this, we predict MGMs will positively influence 
maternal prenatal mental health, as there are direct and inclusive fitness 
benefits to both pregnant daughter and fetus (i.e., grandoffspring). The 
story is less clear for PGMs. Benefits to maternal prenatal psychology 
may improve sons’ and grandoffspring fitness, but potentially at cost to 
the PGM’s own daughters when finite resources are transmitted to sons’ 
families. Thus, we are agnostic about PGMs’ influence on maternal 
prenatal mental health as there are social and evolutionary reasons why 
it may be neutral or even negative despite the adaptive advantage of 
help to the grandoffspring during gestation. 

Each allomother relationship characteristic (social support, 
geographic proximity, communication) captures a unique aspect of the 
grandmother-mother relationship that may impact maternal mental 
health. Social support is the care provided by or potentially available 
from a known individual; this support can be emotional (e.g., listening), 
informational (e.g., guidance), or instrumental (e.g., provisioning) 
(Dunkel Schetter & Brooks, 2009). While social support is often studied 
in psychology, anthropologists describe such acts of care with different 

terminology, such as allomaternal care and often through a lens of 
cooperative breeding (e.g., Emmott, Myers, & Page, 2021). Previous 
research has shown that instrumental and emotional support can impact 
perinatal outcomes differently (Bedaso, Adams, Peng, & Sibbritt, 2021; 
Emmott & Mace, 2015). Emotional support buffers against negative 
psychological and physiological states and improves psychological 
resilience in both pregnant and non-pregnant cohorts (Bedaso et al., 
2021; Reblin & Uchino, 2008; Seguin, Potvin, Stdenis, & Loiselle, 1995; 
Suls & Wallston, 2003). Instrumental support has been shown to buffer 
stress during pregnancy (Collins, Dunkel-Schetter, Lobel, & Scrimshaw, 
1993) and improve well-being only if emotional support is also present 
(Morelli, Lee, Arnn, & Zaki, 2015). Other studies have tied greater levels 
of social support to a range of positive birth outcomes in the U.S. (Collins 
et al., 1993; Elsenbruch et al., 2007; Feldman, Dunkel-Schetter, 
Sandman, & Wadhwa, 2000) and to reduced infant mortality in 
Mexico (Kana’Iaupuni, Donato, Thompson-Colón, & Stainback, 2005) 
likely through moderation of HPA-axis. These studies on birth outcomes 
often use psychometric scales of perceived social support that were 
designed to capture a combination of instrumental and emotional sup-
port. While instrumental support is often the metric used in allomother 
research, emotional support may serve a more critical role to buffer 
stress during pregnancy. 

Ethnographic studies on the relationship between allomaternal 
support and offspring fitness often do not measure any kind of social 
support directly, but rather use survival or geographic proximity as a 
proxy for grandmaternal involvement (Callaghan et al., 2006; Eshete 
et al., 2019). Greater geographic proximity between grandmother- 
mother-offspring is usually associated with increased offspring sur-
vival (Chapman et al., 2018; Engelhardt, Bergeron, Gagnon, Dillon, & 
Pelletier, 2019). However, these connections are often studied in his-
torical populations where geographic proximity was a pre-requisite for 
all forms of social support. Today, individuals are able to offer financial, 
informational, and emotional support from great distances. Geographic 
proximity may still be a good proxy variable for instrumental support 
and an important variable to include for its extensive use in the 
anthropological literature. By analyzing other variables in tandem with 
geographic proximity, we gain a broader picture of grandmother-mother 
relationships. 

Communication is a critical way for emotional and informational 
support to be delivered. In a study of immigrant Mexican women aged 
35–50, higher levels of communication with family were related to 
increased perceived emotional support (Vega, Kolody, Valle, & Weir, 
1991). However, not all communication is good and an excessively 
involved caregiver can be burdensome. For example, one study found 
grandmother-mother verbal conflict to be independently associated 
with negative maternal parenting and child behavioral problems (Bar-
nett, Mills-Koonce, Gustafsson, Cox, & Investigators, 2012). Here, we 
explore the independent contributions of communication, which allows 
us to consider the positive and negative ways allomothers may influence 
maternal psychology. 

This project focuses on Latina women living in Southern California. 
‘Latino/a’ is an ethnic category describing people with heritage from 
Latin America; the broad term thus includes extensive cultural diversity. 
We explore grandmother-mother relationships among Latinas in the U.S. 
because of certain trends associated with family life. Latinos in the U.S. 
have the highest rates of three-generation homes (i.e., grandparents and 
grandchildren who live together) compared to other ethnic groups 
(Cohn & Passel, 2018; PEW Research Center, 2010). Simultaneously, 
Latinos have the highest rates of cross-border families in the U.S. due to 
being the largest immigrating minority (PEW Research Center, 2020). 
High rates of both shared homes and cross-border families creates the 
opportunity to differentiate between the effects of geographic proximity 
and communication. The cross-cultural importance of family among 
Latino cultural groups (familismo) means that individuals often make 
family life a priority at greater rates than the broader U.S. population 
(Campos et al., 2008). Additionally, the cross-cultural values of 
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machismo and marianismo among Latinos structure gender roles that cast 
women as primary caregivers (Nuñez et al., 2016), see Supplemental 
Materials (SM) for notes on these cultural values. Finally, working in a 
post-demographic transition society may make grandparental care more 
valuable, as Coall and Hertwig (2011) argue, a low-fertility, low-mor-
tality context makes grandparental care even more valuable. Fewer 
offspring means fewer opportunities to pass on ones’ genes, so the 
evolved sense to invest in each grandoffspring may be greater. 

2. Methods 

2.1. Cohort 

The present work utilizes data from Wave 1 of Mothers’ Cultural 
Experiences (MCE) study. MCE Wave 1 examines the influence of social, 
cultural, and environmental stressors on maternal psychology and fetal/ 
infant development from 361 pregnant and postpartum women who 
were recruited from clinic waiting rooms or breastfeeding classes at four 
sites in Southern California. Participants completed an anonymous 
survey in either English or Spanish. This study was approved by the 
Institutional Review Boards of all participating institutions with 
appropriate reliances. Procedures comply with the tenets of the Decla-
ration of Helsinki. Data is not publicly available because participants did 
not consent to sharing individual-level data publicly. 

For the analyses here, participants were omitted because they were 
determined to not be eligible (N = 13), did not receive social support 
scales in their survey versions (N = 87), or were postnatal (N = 69), 
leaving an analytic cohort of N = 216. 

2.2. Operationalization of variables 

In this study, “maternal grandmother” (MGM) is the woman who 
raised the participant, “father” is the person whom the participant thinks 
will be the baby’s main father figure, and “paternal grandmother” 
(PGM) is the participant’s baby’s father’s mother. While the PGM may or 
may not be the participants’ mother-in-law, we use the terms mother- or 
daughter-in-law to refer to this relationship regardless of marital status. 
We include adoptive parents along with birth parents based on the 
argument that social categories are an appropriate replacement for ge-
netic categories because the cognitive responses elicited by the evolved 
human brain are expected to be similar, if not the same, for socio- 
cultural categories of ‘mother’ and ‘child’ (Bogin, Bragg, & Kuzawa, 
2014). Non-biological MGMs account for <5% of the sample (Table 1). 

This study measures mental health through the following inventories 
validated for use among pregnant women: (i) Edinburgh perinatal 
depression scale (EPDS) (Cox, Holden, & Sagovsky, 1987; Santos et al., 
2007), (ii) the state form of the Spielberger state-trait anxiety short form 
scale (STAI-SF) (Barnett et al., 2012; Tluczek, Henriques, & Brown, 
2009), (iii) pregnancy-related anxiety scale (PRA) (Rini, Dunkel- 
Schetter, Wadhwa, & Sandman, 1999; Wadhwa, Sandman, Porto, 
Dunkel-Schetter, & Garite, 1993). All mental health variables were 
treated continuously. For a breakdown of the items used in the in-
struments, see Tables S1–4. 

The EDPS scale consists of 10-items measured on a 4-point scale, 
such as “I have been so unhappy that I have had difficulty sleeping.” A sum of 
all items gives a range of EPDS scores from 0 to 30. Cronbach alpha, a 
measure of the internal consistency of self-report scales, for EPDS among 
our cohort was ɑ = 0.85 (English ɑ = 0.86, Spanish ɑ = 0.84). 

The STAI-SF scale consists of six items, such as “I am worried”, which 
are anchored on a 4-point scale (total ɑ = 0.81, English ɑ = 0.84, 
Spanish ɑ = 0.77). The STAI-SF mean score ranges from 1 to 4. Clinically 
significant cut-off thresholds for depression and anxiety are described in 
SM. 

The 10-item PRA scale assesses worries over pregnancy and baby’s 
health with items such as “I am concerned or worried about how the baby is 
growing and developing inside me”. These items are anchored on a 4-point 

Table 1 
Demographics of the study cohort and descriptive statistics of the measures used 
in this study. SD: standard deviation. See Supplemental Materials for explana-
tion of clinically significant cut-off scores.   

Total (N =
216) 

Age (years)  
Mean (SD) 29.8 (6.12) 
Missing 13 (6.0%) 

In a relationship?  
Yes 188 (87.0%) 
No 23 (10.6%) 
Missing 5 (2.3%) 

Parity  
Nulliparous 71 (32.9%) 
Parous 138 (63.9%) 
Missing 7 (3.2%) 

Education  
Less than high school 30 (13.9%) 
High school or equivalent 142 (65.7%) 
More than high school 36 (16.7%) 
Missing 8 (3.7%) 

Trimester  
First 17 (7.9%) 
Second 47 (21.8%) 
Third 131 (60.6%) 
Missing 21 (9.7%) 

Food secure  
Yes 108 (50.0%) 
No 82 (38.0%) 
Missing 26 (12.0%) 

Country of origin  
U.S. 94 (43.5%) 
Mexico 92 (42.6%) 
El Salvador 12 (5.6%) 
Guatemala 7 (3.2%) 
Another country 6 (2.8%) 
Missing 5 (2.3%) 

Do you know who your baby’s biological father is (or probably 
is)?  
Yes 199 (92.1%) 
No 9 (4.2%) 
Missing 8 (3.7%) 

Is your baby’s biological father, your current relationship 
partner?  
Yes 178 (82.4%) 
No 5 (2.3%) 
Does not apply, not in a romantic relationship 24 (11.1%) 
Missing 9 (4.2%) 

Who do you think of as your mother?  
My birth mother raised me 201 (93.1%) 
I was adopted and I’m not a blood relative of my parents 1 (0.5%) 
Someone else I think of as a mother raised me 6 (2.8%) 
Missing 8 (3.7%) 

Depression (EPDS)  
Mean (SD) 5.71 (4.71) 
Missing 8 (3.7%) 
Clinically significant symptoms 36 (17.3%) 

State anxiety (STAI-SF)  
Mean (SD) 1.68 (0.59) 
Missing 11 (5.1%) 
Clinically significant symptoms 49 (23.9%) 

Pregnancy-related anxiety  
Mean (SD) 1.65 (0.56) 
Missing 10 (4.6%) 

Communication levels with baby’s MGM  
Talks once a week or more 171 (79.2%) 
Talks less than once a week 29 (13.4%) 
Missing 16 (7.4%) 

Communication levels with baby’s PGM  
Talks once a week or more 76 (35.2%) 
Talks less than once a week 113 (52.3%) 
Missing 27 (12.5%) 

Communicationlevels with baby’s father  
Talks once a week or more 189 (87.5%) 
Talks less than once a week 17 (7.9%) 
Missing 10 (4.6%) 

(continued on next page) 

D.A. Knorr and M. Fox                                                                                                                                                                                                                        



Evolution and Human Behavior 44 (2023) 30–38

33

scale (ɑ = 0.89 total, 0.89 English/0.90 Spanish). PRA score is the mean 
of items ranging from 1 to 4. 

The multidimensional scale of perceived social support (MPSS) 
(Zimet, Dahlem, Zimet, & Farley, 1988; Zimet, Powell, Farley, Werk-
man, & Berkoff, 1990) is a 12-item measure of perceived adequacy of 
social support from three sources: family, friends, and significant other. 
The authors who developed the MPSS scale claim it measures an in-
dividuals’ general perception of acceptable levels of social support from 
different sources. For this study, we adapted the four-item family sub- 
scale to refer specifically to the baby’s grandmothers and father rather 
than family generally. These items use a three-point Likert rating on four 
statements (e.g., “I get the emotional help and support I need from my 
mother”), which was then averaged (Edwards, 2004). Our cohort had 
very high Cronbach alphas ɑ = 0.94 (0.94 English/0.93 Spanish) for 
MGM, ɑ = 0.94 (ɑ = 0.95 English/ ɑ = 0.94 Spanish) for PGM, and ɑ =
0.97 (0.97 English/0.97 Spanish) for father. See Supplemental Table 4 
for a breakdown of items in the scale, and a discussion of whether this 
general metric primarily reflects emotional or instrumental support. Due 
to (a) two items directly reflecting emotional support and (b) the two 
other ambiguous items not changing the mean scores when removed, we 
conclude that the scale is primarily a reflection of emotional support 
(SM). 

Geographic proximity was captured by a single question: “How 
nearby does [this person] live?” operationalized as ‘Close’ (in the same 
home or neighborhood) or ‘Not close’ (outside or further than the same 
neighborhood) based on a median split of combined MGM and PGM 
geographic proximity. Communication was assessed by a single ques-
tion: “How often do you communicate with [this person]?” operationalized 
as “A lot” (more than once a week) or “Not a lot” (once a week or less) 
based on a median split of combined MGM and PGM communication 
levels. See SM for further details of geographic proximity and 

communication variable operationalizations. 
Socio-economic status (SES) was calculated as the sum of subjective 

SES, education, and food security (Fox, 2021) after each variable was 
rescaled from 0 to 1 such that higher values reflected higher SES. 

2.3. Missingness, imputation, and regression diagnostics 

Across all variables, 7% of observations were left blank (Fig. S1). We 
conducted multiple chain imputation with 20 iterations using the mice R 
package based on group-level relationships between variables to the end 
of five complete imputed datasets. Regression models were run on all 
imputed datasets and statistics were pooled. Breusch-Pagan tests rejec-
ted the null hypotheses of homoskedasticity in all depression and PRA 
models, but not state-anxiety models. To account for heteroskedasticity 
and remain conservative in our estimates, robust standard errors were 
calculated for all models. Further details regarding imputation, regres-
sion diagnostics, and sensitivity analysis are in SM. 

2.4. Statistical models 

Nine multiple linear regression models were run using R statistical 
software, v4.0.3, each with a mental health response variable and 10 
predictor variables (two variables of interest reflecting features of the 
grandmother-mother relationship and eight control variables). These 
models were designed to isolate the particular contributions of each 
potential allomother on maternal mental health within a specific 
domain, while holding other demographic factors related to the preg-
nant woman’s mental health constant, because geographic proximity, 
communication, and social support can overlap. 

Yi Maternal Psychology = β0 + β1 MGM + β2 PGM + βi Covariates + ε 

For covariates, we included father relationship characteristics, 
maternal age, trimester, parity, foreign-born status and SES. We 
controlled for father relationship characteristics in order to eliminate the 
possibility that any effect of PGMs was just a proxy for father involve-
ment. The characteristics were either his social support, geographic 
proximity, or communication depending on the model, which were each 
operationalized the same as the grandmother relationship characteris-
tics. Age, parity, trimester, and SES were included because of the like-
lihood that each could be related to both allomaternal help received and 
prenatal mental health (Freeman et al., 2016; Glynn & Sandman, 2011). 
We controlled for foreign-born status because U.S.-born and foreign- 
born cohorts often have different social support networks and 
different rates of affective disorders and mental health resources avail-
able to them (Campos et al., 2008). We chose not to include relationship 
status, despite its previously-established influence on mental health, 
because of collinearity with father communication and geographic 
proximity, which were control variables with greater priority. 

The outcome variables of interest were depression and anxiety, two 
of the most prominently studied psychological disorders during preg-
nancy that can have far-reaching consequences on infant outcome and 
offspring fitness. We measure anxiety two ways: state-anxiety, which 
captures the participants’ current state of anxiety and pregnancy-related 
anxiety, which captures the participants’ specific concerns of the 
development of her baby and labor. Having a general specific measure of 
anxiety seemed important to more deeply consider how grandmothers 
are influencing affect. 

In each mental health model, we controlled for the other two mental 
health measures (e.g., in depression models, state anxiety and 
pregnancy-related anxiety were held constant). Due to the high co-
morbidity of depression and anxiety (Hirschfeld, 2001), it is important 
to include these controls in order to isolate the specific mental health 
variable in question. Variance-inflation factors (VIF) were calculated to 
examine correlations between independent variables to quantify mul-
ticollinearity. While some scholars suggest a VIF of 5 or 10 to be prob-
lematic (Menard, 2002), we use the more conservative 2.5 limit 

Table 1 (continued )  

Total (N =
216) 

Geographic proximity to baby’s MGM  
Lives in the same home or neighborhood 120 (55.6%) 
Lives in different neighborhood 74 (34.3%) 
Missing 22 (10.2%) 

Geographic proximity to baby’s PGM  
Lives in the same home or neighborhood 74 (34.3%) 
Lives in different neighborhood 114 (52.8%) 
Missing 28 (13.0%) 

Geographic proximity to baby’s father  
Lives in the same home or neighborhood 184 (85.2%) 
Lives in different neighborhood 17 (7.9%) 
Missing 15 (6.9%) 

Where does baby’s MGM currently live?  
U.S. 134 (62.0%) 
Mexico 48 (22.2%) 
Another country 15 (6.9%) 
Missing 19 (8.8%) 

Where does baby’s PGM currently live?  
U.S. 94 (43.5%) 
Mexico 72 (33.3%) 
Another country 23 (10.6%) 
Missing 27 (12.5%) 

Where does your baby’s father currently live?  
U.S. 189 (87.5%) 
Mexico 12 (5.6%) 
Another country 5 (2.3%) 
Missing 10 (4.6%) 

Social support from baby’s MGM  
Mean (SD) 2.65 (0.58) 
Missing 15 (6.9%) 

Social support from baby’s PGM  
Mean (SD) 2.10 (0.78) 
Missing 29 (13.4%) 

Social support from baby’s father  
Mean (SD) 2.71 (0.59) 
Missing 9 (4.2%)  
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(Johnston, Jones, & Manley, 2018). Variance-inflation factor calcula-
tions indicated no high levels of multicollinearity (VIF <2.1). 

3. Results 

The final analytic cohort of 216 pregnant women were 18–45 years 
old. A substantial portion of women were foreign-born (54%), food 
insecure (38%), nulliparous (33%), and had education equivalent to 
graduating high school (66%) or less (14%) (Table 1). Most women were 
in their third trimesters (61%) and in relationships (87%). Based on 
clinical cut-offs, women displayed rates of clinically significant depres-
sion (17%) and state anxiety (23%) symptoms (Table 1). These rates are 
similar to clinical depression and anxiety rates reported elsewhere 
among Latinas residing in the U.S., which are described as elevated in 
comparison to non-Hispanic White women (CDC, 2019; Ponting, 
Mahrer, Zelcer, Dunkel Schetter, & Chavira, 2020). 

3.1. Social support 

Perceived social support from MGMs was associated with lower rates 
of depression, while that from fathers and PGMs did not contribute 
significant effects (Table 2, Fig. S3). An increase along the social support 
scale from MGMs was associated with lower maternal depression (β: 
− 1.25, robust SE: 0.44, p-value: 0.006), when all other variables were 
held constant. The pooled, unadjusted R2 was 0.52 (CI: 0.52 to 0.62). 
The anxiety models were not significant for social support predictors of 
interest. 

3.2. Geographic proximity 

Neither MGMs’ nor PGMs’ geographic proximity was associated with 
mothers’ mental health. While not the focus of this analysis, if the father 
did not live in the same neighborhood, the mother exhibited greater 
levels of PRA (Table 3, Fig. S4). When all other variables were held 
constant, the pooled β from the father living geographically near was 
associated with − 0.36 in the mothers’ PRA scores, SE: 0.17, p- 
value:0.047. The R2 from the pooled model was 0.26 (CI: 0.26 to 0.39). 

3.3. Communication 

Communication with the MGM related to lower levels of depression, 
when all other variables were held constant (pooled β:-2.18, robust SE: 
0.73, p-value: 0.004) (Table 4, Fig. S5). Communication with the father 
was significantly associated with less depression (pooled β: − 1.87, 
robust SE: 0.9, p-value: 0.04). The unadjusted, pooled R2 is 0.52 (CI: 
0.52 to 0.61) for the depression model. 

For the unpooled adjusted-R2 of each model, run iteratively on each 
imputed dataset to penalize for number of covariates, see Tables S5–7. 

We also ran analyses that removed deceased/unknown grand-
mothers and fathers from the cohort to investigate if there were differ-
ences when mothers had all potential allomothers available to them. 
This cohort did not differ in results. Communication and perceived so-
cial support were still statistically significant for maternal grandmothers 
only (and the father associations were also maintained with one addi-
tional finding emerging), see SM for regression results. 

Table 2 
The relationship of social support from maternal and paternal grandmother (row 
2 and 3) on depression, state-anxiety, and pregnancy-related anxiety (columns 
1–3, respectively), holding certain covariates constant (row 4–12). Each cell 
contains the pooled beta, with stars indicating significance level and pooled 
robust standard errors in the parentheses. R2, the pooled coefficient of deter-
mination, indicatesing how much variation in mental health is explained by the 
predictor and control variables. N, or total women in the study, is also presented.   

Depression State 
Anxiety 

Pregnancy-Related 
Anxiety 

Intercept 2.77 1.20*** 1.08**  
(2.62) (0.31) (0.37) 

Social Support - Maternal 
Grandmother 

− 1.25** 0.02 − 0.01  

(0.44) (0.06) (0.07) 
Social Support - Paternal 

Grandmother 
− 0.26 − 0.01 0.05  

(0.32) (0.04) (0.06) 
Social Support - Father − 0.88 − 0.03 0.02  

(0.46) (0.06) (0.07) 
Socio-Economic Status − 0.55 − 0.04 − 0.15*  

(0.41) (0.06) (0.07) 
Foreign Born 0.52 − 0.14* 0.02  

(0.50) (0.07) (0.07) 
Age − 0.00 0.00 0.01*  

(0.05) (0.01) (0.01) 
Trimester 0.34 − 0.02 − 0.08  

(0.43) (0.05) (0.06) 
Parity − 0.23 0.01 − 0.04  

(0.21) (0.03) (0.03) 
State Anxiety 4.40***  0.19*  

(0.48)  (0.09) 
Pregnancy-Related Anxiety 1.05* 0.14*   

(0.51) (0.06)  
Depression  0.07*** 0.02*   

(0.01) (0.01) 
R2 0.52 0.48 0.23 
N 216 216 216 

p < 0.001 ***; p < 0.01**; p < 0.05*. 
Model comparison calculated from 5 imputed data sets against their respective 
null models produced the following pooled (F-statistics; p-values): depression 
(18.85;<0.0001), state anxiety (16.38;<0.0001), pregnancy-related anxiety 
(4.82;<0.0001). 

Table 3 
The relationship of geographic proximity from maternal grandmother and 
paternal grandmother (row 2 and 3) on depression, state-anxiety, and pregnancy 
related anxiety (columns 1–3, respectively), holding certain covariates constant 
(row 4–12). Each cell contains the pooled beta, with stars indicating significance 
level and pooled robust standard errors in the parentheses. R2 and N are also 
presented.   

Depression State 
Anxiety 

Pregnancy-Related 
Anxiety 

Intercept − 5.21* 0.98*** 1.55***  
(2.15) (0.26) (0.30) 

Geographic Proximity - 
Maternal Grandmother 

− 0.31 0.08 − 0.02  

(0.55) (0.07) (0.08) 
Geographic Proximity - 

Paternal Grandmother 
0.64 − 0.00 − 0.04  

(0.63) (0.08) (0.08) 
Geographic Proximity - Father 0.47 0.09 − 0.36*  

(0.98) (0.11) (0.17) 
Socio-Economic Status − 0.58 − 0.05 − 0.15*  

(0.44) (0.06) (0.07) 
Foreign Born 0.59 − 0.11 0.00  

(0.56) (0.07) (0.08) 
Age 0.02 0.00 0.01  

(0.05) (0.01) (0.01) 
Trimester 0.24 − 0.02 − 0.07  

(0.43) (0.05) (0.06) 
Parity − 0.21 0.01 − 0.04  

(0.23) (0.03) (0.03) 
State Anxiety 4.79***  0.20*  

(0.46)  (0.09) 
Pregnancy-Related Anxiety 1.15* 0.15*   

(0.53) (0.07)  
Depression  0.07*** 0.02*   

(0.01) (0.01) 
R2 0.48 0.48 0.26 
N 216 216 216 

p < 0.001***; p < 0.01**; p < 0.05*. 
Model comparison calculated from 5 imputed data sets against their respective 
null models produced the following pooled (F-statistics; p-values): depression 
(15.92;<0.0001), state anxiety (16.19;<0.0001), pregnancy-related anxiety 
(5.59;<0.0001). 
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4. Discussion 

We expected to observe positive associations of MGM social support, 
geographic proximity, and communication with maternal mental health, 
and positive or neutral PGM associations under the assumption that both 
these allomothers would be interested in improving maternal mental 
health for the benefit of the developing offspring. Our results were sig-
nificant for MGMs in certain domains and not PGMs. Specifically, 
greater communication with and social support from MGM was associ-
ated with lower depression among mothers. Because our instrument of 
social support contained questions mostly related to emotional support, 
our results suggest that MGMs play an important role in a mother’s 
prenatal psychology through emotional support. Additionally, our re-
sults suggest that geographic proximity is not required for emotional 
support to be transmitted. There also appears to be greater allomother 
association with maternal depression than to maternal anxiety. 

Theoretically, both MGMs and PGMs should be equally related to 
offspring (r = 0.25) and unequally related to the mother (r = 0.5 and r =
0.0). Thus, both grandmothers should invest equally in offspring to 
maximize inclusive fitness benefits, but unequally in the mother due to 
differences in direct fitness (Perry & Daly, 2017). Each grandmother 
may act as both a MGM and a PGM through her daughters and sons, 
respectively (Chapman, Lahdenperä, Pettay, Lynch, & Lummaa, 2021), 
but given the finite resource of her time, trade-offs will be made. Under a 
DOHaD framework, both grandmothers should be aligned during the 
prenatal period to invest in the mother for the benefits to the developing 
offspring. Instead, we see a difference in maternal and paternal 

grandmother prenatal investment. Paternity uncertainty may play a role 
as it suggests that investments through the paternal line are riskier 
(Trivers, 1972). However, cross-cultural evidence does not suggest pa-
ternity uncertainty to be a major factor of allomother investments 
(Anderson, 2006; Pashos, 2017; Prall & Scelza, 2020). For example, 
within populations of assumed low rates of paternity uncertainty – such 
as Orthodox Jewish populations – grandparental investment is still 
different for the maternal and paternal lines, suggesting other factors are 
involved (McBurney, Simon, Gaulin, & Geliebter, 2002). One such 
explanation could be the long-term relationships of MGM with mothers 
compared to PGM with mothers. Another evolutionary explanation of 
different grandparental investments during pregnancy is maternal-fetal 
conflict. While fitness interests of the mother and developing fetus 
mostly overlap, they do not perfectly align (Haig, 2015). Most energy 
supports the fetus, but some may be reserved for future offspring. 
Therefore, it is likely always more beneficial for MGM to invest in 
pregnancy than PGM given that the father may change in the next 
pregnancy. 

Our results add to the growing evidence that geographic proximity 
itself is not always a critical component of grandmaternal allomother-
ing. For example, in a market-integrated Puerto Rican cohort, infant 
survival was positively associated with MGM geographic proximity 
when she was also listed as a primary donor of social support (Scelza, 
2011). However, if MGMs were close-by and not listed as a primary 
donor, there was an increase in the odds-ratio of infant death and low 
birth-weight (Scelza, 2011). These lines of evidence describe how 
geographic proximity is not the whole story, but instead may be a 
moderating variable. Among positive relationships it may act as a proxy 
for instrumental social support, but among strained relationships 
geographic proximity may worsen experiences due to other tensions in 
the relationship. 

We found that geographic proximity to the father was significantly 
associated with less PRA. Communication with the father was signifi-
cantly associated with lower levels of depression. What mothers need 
from fathers may be different from what they need from other family 
members, and further work should explore these differences. Addition-
ally, our study contributes to the idea that broader support networks, 
beyond the baby’s father, can be critical for maternal well-being. 

4.1. Cultural explanations 

Culture and biological evolution are enmeshed in many ways. 
Certain cultural values and practices may derive from aspects of 
cognition and/or physiology shaped by evolutionary processes, and 
culture itself can reflect evolutionary processes such as drift and selec-
tion. Not all cultural attributes are adaptive or directly related to our 
biology. Therefore, it is necessary to consider the possibility that pat-
terns detected in our data analyses may derive from aspects of culture 
that are only minimally attributable to evolutionary processes. 

Familismo predicts a greater involvement of family, and patriarchal 
values and patrilocality would predict greater involvement of PGM. 
These values are common in much of Latin America, including many 
parts of Mexico where the majority of women in this cohort have their 
heritage. This cultural context would predict a high degree of PGM 
involvement and therefore an association – in either direction – of PGM 
relationship characteristics with maternal mental health; however, our 
PGM models yielded null results. This observation supports the evolu-
tionary framing that PGMs are not as evolutionarily motivated to assist 
their daughters-in-law, despite potential DOHaD-related benefits. 

4.2. Mental health in an evolutionary context 

When considering how grandmothers influence maternal mental 
health in an evolutionary context, we should consider the evolutionary 
function of mood and emotions. Anxiety and depression are cast in the 
evolutionary psychology framework as adaptive in certain ecological 

Table 4 
The relationship of communication from maternal and paternal grandmother 
(rows 2 and 3) on depression, state-anxiety, and pregnancy related anxiety 
(columns 1–3, respectively), holding certain covariates constant (rows 4–12). 
Each cell contains the pooled beta, with stars indicating significance level and 
pooled robust standard errors in the parentheses. R2 and N are also presented.   

Depression State 
Anxiety 

Pregnancy- 
Related Anxiety  

Intercept − 0.68 1.05*** 1.00**  
(2.14) (0.26) (0.32) 

Communication - Maternal 
Grandmother 

− 2.18** 0.12 0.07  

(0.73) (0.09) (0.10) 
Communication - Paternal 

Grandmother 
0.16 − 0.07 − 0.09  

(0.55) (0.07) (0.09) 
Communication - Father − 1.87* 0.03 0.23  

(0.90) (0.13) (0.13) 
Socio-Economic Status − 0.58 − 0.05 − 0.14*  

(0.42) (0.06) (0.07) 
Foreign Born 0.49 − 0.14* 0.00  

(0.51) (0.06) (0.08) 
Age − 0.01 0.00 0.01*  

(0.05) (0.01) (0.01) 
Trimester 0.42 − 0.02 − 0.09  

(0.44) (0.05) (0.06) 
Parity − 0.19 0.01 − 0.04  

(0.21) (0.03) (0.03) 
State Anxiety 4.66***  0.17  

(0.47)  (0.09) 
Pregnancy-Related Anxiety 1.19* 0.13*   

(0.51) (0.06)  
Depression  0.08*** 0.03*   

(0.01) (0.01) 
R2 0.52 0.49 0.24 
N 216 216 216 

p < 0.001***; p < 0.01**; p < 0.05*. 
Model comparison calculated from 5 imputed data sets against their respective 
null models produced the following pooled (F-statistics; p-values): depression 
(18.23;<0.0001), state anxiety (14.04;<0.0001), pregnancy-related anxiety 
(6.72;<0.0001). 
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contexts; however, the modern post-industrial environment may be 
mismatched to the adaptive value of emotions that developed in 
response to different ecologies. 

Anxiety, for example, is described as exhibiting a lower reactivity 
threshold in response to threat (Bateson, Brilot, & Nettle, 2011; Nettle & 
Bateson, 2012). Anxiety can be a helpful response in an uncertain 
environment. Depression, in contrast, is framed by Nettle and Bateson as 
a higher reactivity threshold to the possibility of reward (2012). 
Depression may serve an adaptive function to encourage individuals to 
stop pursuing tasks that are not worth time and energy. Depression 
therefore may be part of normal human variation in response to un-
successful tasks, but maladaptive if continually present (Nesse, 2019). 

Others have framed postpartum depression (PPD) as a way of elic-
iting support from others by going ‘on strike’ (Hagen, 2002). If help is 
needed prenatally, this framing could be extended into prenatal 
depression. However, Hagen uses only observational evidence of low 
social support leading to PPD to corroborate the theory that PPD is an 
adaptive signal to elicit more social support. The association of social 
support and depression in our results could similarly support Hagen’s 
‘going on strike’ hypothesis. We argue that our results could just as 
easily be explained through a positive feedback loop, where certain in-
dividuals may be more prone to depression and a lack of communication 
or social support reinforces these feelings. Indeed, other work on the 
adaptation of postpartum depression found that women experiencing 
PPD during their first pregnancy had overall lower future fertility than 
those without PPD at first pregnancy (Myers, Burger, & Johns, 2016), 
suggesting PPD is not adaptive. 

In regards to anxiety, our results support the idea that individuals 
who feel more reactive to threat or are experiencing more threat might 
choose to live closer to family, explaining our observation that 
geographic proximity was associated with lower PRA. Conversely, it is 
possible that less geographic proximity to family reflects a more 
dangerous experience, especially in the context of pregnancy. If the fa-
ther is distant, it might generate feelings in the mother to be more 
vigilant about her pregnancy or that if something went wrong with the 
pregnancy, the mother would have less support to deal with it. The PRA 
scale includes both concerns over how the baby is developing and labor 
and delivery. One might expect that MGMs would serve as the most 
important figures during a birth due to prior experience, but in a context 
of professional medical care, geographic proximity to the father may be 
most important in reducing PRA due to emotional, financial, or logistical 
support. 

5. Conclusions 

This study explores whether grandmother relationship characteris-
tics are associated with prenatal mental health, motivated by the 
premise that positive associations are beneficial to the success of the 
pregnancy. Here, we suggest that grandmaternal allomothering includes 
the prenatal period. We observe that social support and communication 
with MGMs, but not PGMs, are associated with mental health benefits 
for mothers. More work is needed to connect this prenatal grand-
maternal influence to offspring postnatal outcomes. 

5.1. Public health implications 

Within our cohort, quite a few family members live on different sides 
of a border than the mother (63 MGMs, 95 PGMs, and 17 fathers; 
Table 1). We observe positive relationships for both MGM and father 
communication with maternal mental health, even when a number of 
these individuals lived across borders. Above and beyond foreign-born 
status, we find that family had a positive influence through communi-
cation, which is uncoupled from geographic proximity in our survey 
design. This finding suggests some feasible implications for public 
health. Funding call minutes, phones, and internet infrastructure to in-
crease a family’s ability to stay in contact with each other when living 

distantly or when visitation is not possible could positively contribute to 
perinatal mental health. For example, during the COVID-19 pandemic 
there were significant decreases in preterm births associated with 
government-imposed lock down (Berghella, Boelig, Roman, Burd, & 
Anderson, 2020). This trend can be explained speculatively by spending 
more time with family. Maintaining channels of communication is 
especially important during the prenatal experience and for families that 
are separated geographically. The context of family separation due to 
immigration restrictions, which remain important today, were espe-
cially salient at the time of data collection (2016–2018). 

This work supports a broader anthropological discussion that the 
“nuclear family” is not better or best. There is a large literature on the 
negative impacts of father absences; however, it does not always indi-
cate that his influence cannot be replaced by someone else in the allo-
maternal network (Sear, 2016, 2021). Government policies should 
support more flexible family networks beyond the nuclear family. 
Additionally, exploring more kin-categories may improve our under-
standing of the pooled allomaternal network on mental health. 

5.2. Limitations and future directions 

Without offspring outcomes, we are limited in our ability to claim a 
fitness benefit. We also cannot discern causality because of the use of 
observational data with a cross-sectional study design. The statistical 
method of regression does not describe the direction of the association, 
so it could be true that grandmother communication with the mother 
and social support to the mother during pregnancy decreases depression, 
or, less depression during pregnancy increases grandmother-mother 
communication and perceived social support. It is also possible that an 
unmeasured third variable causes both effects. Longitudinal data in 
future studies will help to answer questions of causality. Additionally, 
our study could have been improved by knowing depression diagnoses 
prior to pregnancy, as this is a major risk-factor for perinatal depression 
(Kee et al., 2021); however, this was not included in our data. We also 
acknowledge a diversity within our cohort beyond what is captured by 
the term “Latina”, including regional and socio-cultural differences. We 
make no claim to generalize results to other cohorts. 

The experience of long-term family bonds may account for the 
stronger association of MGM over PGM relationship characteristics with 
maternal mental health. The null results of the PGM in our analyses may 
also be due to a smaller effect than MGM’s influence that we are un-
derpowered to measure. Future studies with larger sample sizes will help 
determine if there is indeed an absence of a PGM prenatal effect or if it is 
just a smaller effect than MGM. Additionally, we lack relevant infor-
mation about how many grandchildren each grandmother has already 
and with whom she spends most of her time. Each grandmother is either 
a maternal or paternal grandmother for the mothers in our study, but 
may act as the other type of grandmother for other mothers. She may 
have different evolutionary incentives for different mothers and 
grandchildren in her family. Future studies should compare a focal 
grandmother’s effect on both her own daughters and daughters-in-law 
to gauge how competing potential investment opportunities influence 
grandmother prenatal investment decisions similar to postnatal studies 
of focal grandmothers (Chapman et al., 2021). In our cohort, women are 
mostly certain of who the biological father is and it was most often the 
current relationship partner (Table 1). It is unknown to us how confident 
the fathers and paternal grandmothers in this study are about the pa-
ternity of the baby. 

Future work could evaluate why certain social experiences are 
associated more with prenatal depression than anxiety. Studies could 
also explore grandmaternal influence using qualitative methods to 
create a deeper understanding of these experiences. By including mea-
sures of grandmaternal instrumental support and infant outcomes, 
future work could also further our understanding of grandmaternal 
involvement in the context of fetal programming. 
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